Site-directed mutagenesis of BTL
All site-directed mutagenesis experiments were carried out by PCR using mutagenic primers (Table S1 ). Briefly, to introduce the amino acid change, the corresponding pair of primers was used as homologous primer pair in a PCR reaction using a specific plasmid as template and Prime Start HS Takara DNA polymerase. The product of the PCR was digested with endonuclease DpnI that exclusively restricts methylated DNA.
1
E. coli DH10B cells were transformed directly with the digested product. The plasmid with mutated btl were identified by sequencing and then transformed into E. coli BL21 (DE3) cells to express the corresponding proteins. Firstly, C65S was created, and the resulting plasmid was used as template to create the double mutant C65S/C296S-BTL. 2 This plasmid was used as template to construct additional mutations (A193C, S196C, L230C) using different mutagenic primers (Table S1 ).
Enzymatic activity assay
The activities of the soluble and immobilized BTL variants were analyzed spectrophotometrically measuring the increment in absorbance at 348 nm produced by the release of p-nitrophenol (pNP) (∈ = 5,150 M -1 cm -1 ) in the hydrolysis of 0.4 mM pNPB in 25 mM sodium phosphate at pH 7 and 25 °C. To initialize the reaction, 0.05-0.2 mL of lipase solution or suspension was added to 2.5 mL of substrate solution.
Enzymatic activity is given as micromole of hydrolyzed pNPB per minute per milligram of enzyme (IU) under the conditions described above.
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Cloning, expression, purification and immobilization of BTL variants
The gene corresponding to the mature lipase from G. thermocatenulatus BTL was cloned into pT1 expression vector as previously described. 1,2 Cells carrying the recombinant plasmid pT1BTL2 were grown at 30 °C and over expression were induced by raising the temperature to 42 °C for 20 h. The enzyme was purified from Escherichia coli crude extract by interfacial adsorption on Butyl-Sepharose as previously described 3 ( Fig.S1 ). The lipase was desorbed from the support adding 20 mL of 25 mM phosphate buffer pH 7 with 0.5% Triton X-100 (v/v) per gram of support. After that, the lipase was immobilized on CNBr-activated Sepharose at pH 7 in 25 mM sodium phosphate buffer for 1 h at 25ºC (>95% immobilization yields) with a final loading of 5 mg lip /g cat . 3 The remaining pNPB activity for the different immobilized BTL variants was more than 95% of the initial activity.
Peptides
Peptides (p1-p4, p6-p8) (Table S2) were purchased from Inbios (Italy). Peptide p5 (Table S2 ) was synthesized by solid-phase strategy using Rink-amide linker and Fmoc chemistry. Blank measurements were made with the appropriate buffer.
Fluorescence spectroscopy
Fluorescence measurements were performed in a Varian Cary Eclipse Fluorescence Spectrophotometer (Agilent Technologies) monitoring the intrinsic tryptophan fluorescence in the different BTL variants and peptide conjugates, using an excitation wavelength of 280 nm, with excitation and emission bandwidths of 5 nm, and recording fluorescence emission spectra between 300 and 400 nm. All spectroscopic measurements were made in water.
Irreversible inhibition of BTL2 immobilized preparations by diethyl-pnitrophenylphosphate (D-pNP)
0.2 g of different BTL2 immobilized preparations were suspended in 4 mL of 25 mM sodium phosphate buffer solution at pH 7 and 25 °C with or without the presence of 0.5% of Triton X-100. Then, 1.5 mM of inhibitor (D-pNP) was added to this solution.
The reaction was maintained until the activity-measured using pNPB assay-of the immobilized enzyme was zero.
Kinetic parameters calculation
K m and K cat values for the different BTL variants and corresponding conjugates in the hydrolysis of pNPB were calculated (Table S7) .
Acetylation of thymidine
A suspension of thymidine (12 mmol, 2.9 g) in acetonitrile (1 mL/0.2 mmol of nucleoside) was treated with triethylamine (TEA, 4 equiv.) and acetic anhydride (4 equiv.) in the presence of a catalytic amount of 4-(dimethylamino) pyridine (DMAP).
The resulting mixture was stirred at room temperature until the reaction was complete (TLC analysis) and was then diluted with chloroform and water (1:1 
Enzymatic hydrolysis of 3',5'-di-O-acetylthymidine (1)
Substrate 1 (5 mM) was dissolved in a mixture of acetonitrile (5%, v/v) in 10mM sodium phosphate at pH 7.0 or 10mM sodium acetate at pH 5.0. 0.2 g of biocatalyst was added to 2 mL of this solution at 25°C. During the reaction, the temperature and the pH value was maintained constant using a pH-stat Mettler Toledo DL50 graphic. The 
Determination of enantiomeric excess
The enantiomeric excess (ee) of the released monoester 7 was analyzed by chiral reverse phase HPLC. The column was a Chiracel OD-R, the mobile phase was an 
Targeted molecular dynamics (MD) simulation
The conformational transition from the closed/inactive to the open/active conformations for the bacterial thermoalkalophilic lipase was modelled using targeted MD technique as implemented in AMBER 11 suite of programs. [7] [8] The models for the corresponding structures were taken from the PDB (PDB IDs 1JI3 and 2W22, respectively). Addition of missing hydrogen atoms and computation of the protonation state of ionizable groups at pH 6.5 were carried out using the H++ Web server, 9 which relies on AMBER parameters and finite difference solutions to the Poisson-Boltzmann equation. A salt concentration of 0.15 M and an internal and external dielectric constant of 4 and 80, respectively, were used. Atom types and charges for each atom were assigned according to AMBER ff10 force field. 10 Both systems were hydrated by using boxes containing explicit TIP3P water molecules 11 with added counter ions to maintain electro neutrality.
Solvent molecules and counter ions were relaxed by energy minimization and then allowed to redistribute around the positional restrained structures during a 50 ps run at constant temperature (300 K) and pressure (1 atm). These initial harmonic restraints were gradually reduced in a series of progressive energy minimizations steps until they
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were completely removed. The resulting systems were heated again from 100 to 300 K during 20 ps and allowed to equilibrate in the absence of any restraints for 1.0 ns during which system coordinates were collected every 2 ps for further analysis. The equilibrated structures were then used as the starting points for the targeted MD simulations lasting 5 ns. Periodic boundary conditions and the Particle Mesh Ewald methods were used to treat long-range electrostatic effects. The SHAKE algorithm was applied to all bonds and an integration step of 2.0 fs was used throughout.
The targeted MD method allows observing large scale conformational transitions between two known end point conformations of a protein, which are presently beyond the reach of atomistic MD simulations. This is accomplished by an additional steering force based on a mass-weighted RMSD with respect to reference target conformation that is applied in the force field as an extra harmonic potential energy term of the form in Eq. 1:
where is the force constant, is the number of atoms, is the mass-weighted root-mean-square deviation of the initial structure with respect to the target structure, and is the desired root-mean-square deviation value which gradually decreased to cero during the simulation. A force constant of 0.25 kcal mol −1 Å −2 over a period of 5.0 ns proved sufficient to find a low-energy path leading from the initial to the target structure (Fig. S6) .
Local enhanced sampling (LES)
The targeted MD trajectory was visually inspected and the motions of ALA193 and SER196 residues were monitored, as these are the residues were peptides chains p1 and p2 will be attached. Two critical points were detected in which the attached peptides would unlikely yield to an active/open conformation due to steric clashes: at 3041 for ALA193 and at 2111 ps for SER196. ALA193 and SER196 were mutated to CYS in the structures corresponding to these points and finally, poly-phenylalanine and polyaspartic chains were anchored using PyMOL. 12 The structures were relaxed by simulating them for a period of 50 ps at constant temperature (300 K) and pressure (1 atm). LES 13 simulation was performed selecting the added peptide chains for the enhanced sampling. Each LES simulation was carried out over a period of 500 ps with a cut-off distance for the non-bonded interactions of 15 Å. Supplementary Tables   Table S1 . Primers used to site-directed mutagenesis of BTL.
Mutant (1) Plasmid template Primers (2) C65S C296S A193C pT1BTL2mutCys (3) Ala/cys 193-5 5´-GAAAGCGtgcGCTGTCGCCAG Ala/cys 193-5 5´-CTGGCGACAGCgcaCGCTTTC
Leu/Cys 230-5 5´-CATTATTTTGAACGGtgcAAACG Leu/Cys 230-3 5´-CGTTTgcaCCGTTCAAAATAATG (1) The mutant name shows the amino acid changes and its position in BTL. (2) The nucleotide changes used to introduce the mutation are indicated in lower case (3) Plasmid with BTL mutant lacking both of the two native Cys residues (Cys65 and Cys 296). selecting one snapshot every 1ps.
